Introduction
To optimize sampling of genetic variation and differentiation ex situ, we have re-analyzed 1 0 0 existing genetic and genomic datasets to (i) quantify the impact of IBD and IBE have on 1 0 1 population genetic structure across neutral, functional and putatively adaptive genetic datasets, optimize ex situ sampling designs where genomic data may be limited or non-existent. We searched the Dryad Digital Repository (https://datadryad.org/) to identify genetic or 1 1 4 genomics datasets for plant species using three discrete search categories: "Population structure 1 1 5 1 3 8 datasets associated with seven of the 15 studied species were sub-sampled and individual 1 3 9 geographic coordinates for one study were averaged to create population-scale coordinates 1 4 0 ( We used latitude, longitude and elevation associated with population provenance to extract 1 4 4 annual, seasonal, and monthly climate variables using ClimateNA (North America), ClimateSA PCA was used to reduce the overall number of environmental variables by summarizing 1 5 5 environmental differences across two major axes of differentiation, which together explain more 1 5 6 than 70% of environmental variation observed between populations (Appendix S4). These two 1 5 7
major PC axes were considered as predictor variables for variation partitioning and used to Quantifying the correlation between genetic, environmental and geographic distances 1 7 8
Geographic and environmental distance between population pairs was measured as the 1 7 9
Euclidean distance between populations' geographic coordinates (latitude, longitude) or. Simulating an ex situ collection: an idealized framework 1 8 7
We simulated an idealized ex situ conservation collection for each dataset using a customized population sampling based on environmental and geographic distances. We simulated ex situ 1 9 2 collections using four different population sampling strategies. This included random sampling, between populations' geographic coordinates (Euclidean geographic distance) or both ( Fig. 1a ). Ex situ collections were simulated using between two and the total number of populations 1 9 7 available for each dataset (Np, Fig. 1a ). Randomized sampling sampled populations without within each population were sampled as part of the idealized simulation. To compare genetic diversity captured across simulated collections, we estimated two genetic dataset (A d ). All genetic parameters were estimated in R using the "hierfstat" package. Population sampling and associated genetic summary statistics were simulated 500 times for 2 1 1 each dataset to account for the variance introduced through randomly sampling across For these idealized simulations, all individuals were sampled within each target population 2 1 7
(equivalent to protecting the entire population), regardless of collection strategy, assuming 100% 2 1 8 of the standing genetic variation was captured. However, monetary or logistical constraints 2 1 9
usually impact the number of individuals that could be sampled within a target population. Given 2 2 0 this, we predict that genetic diversity captured within source populations will vary. To assess 2 2 1 whether insights gained from idealized simulations were maintained under more realistic 2 2 2 conditions, we conducted additional simulations, introducing differences in the amount of 2 2 3 genetic diversity captured between populations (hereafter referred to as realistic simulations). To simulate a realistic ex situ collection, a subset of individuals was sampled within each population. This provides the opportunity to evaluate the impact varying genetic diversity 2 2 8 captured within populations may have on total genetic diversity and differentiation captured 1 1 across populations collected. We assume that ex situ collections aim to preserve as much genetic 2 3 0 variation as possible within each population. Within this framework, we postulated that at least 2 3 1 80% of within-population allelic diversity would be captured ex situ. Therefore, for each dataset,
we assessed the number of individuals (N 80% ) that when sampled capture between 80%-100% of 2 3 3 allelic diversity across populations. An additional simulation was used to determine the value of N 80% for each dataset (Fig. 1b) . within the assessed dataset) were randomly sampled without replacement. Following this, the summary statistics regardless of the population sampling strategy used ( Fig. 1a ). For these 2 4 5 simulations, N 80% were often much lower than the existing size of most populations and 2 4 6 performing repeated iterations accounted for the variation in genetic summary statistics introduced by small values of N 80% . important to note that a significant relationship (positive or negative) will always be approaching 2 7 6 zero as the proportion of populations sampled increases. This is because with additional 2 7 7 populations sourced, the probability that identical populations are sampled randomly or via 2 7 8
distance-based strategies increases and will reach one when all populations are sampled. As the 2 7 9
number of shared populations between sampling strategies increases, the difference in genetic 2 8 0 summary statistics decreases. Variation partitioning revealed that IBD explained significantly more among-population 2 8 5 genetic differences (13%) than IBE alone (5.5%) or IBD‫ת‬IBE (3%) for neutral genetic datasets 2 8 6 (Table 3) . This contrasts with functional and adaptive datasets, where a significant proportion of 2 8 7 among-population genetic differences was explained by geographically structured environmental 2 8 8 variables relative to environmental or geographic factors alone (Table 3) . Overall, 31% and 42% 2 8 9
of population genetic differences were explained by IBD‫ת‬IBE for functional and adaptive 2 9 0 datasets, respectively, while only a small proportion was explained by IBD (functional: 10%, 2 9 1 adaptive: 16%) and IBE alone (functional: 2.5%, adaptive:1%).
1 4 datasets but explained limited variation for neutral datasets (Table 3 ). The contribution of 2 9 9 IBD‫ת‬IBE to population genetic differentiation for adaptive and functional datasets likely reflect 3 0 0 high correlations observed between environmental and geographic distance matrices (Table 2; 3 0 1 Appendix S5). Therefore, the relative contribution of geography and environment should be 3 0 2
interpreted with caution for these genetic marker classes, as population genetic differentiation 3 0 3
could not be partitioned solely by IBD or IBE. and functional datasets, but not neutral genetic datasets (Fig. 2a ). This suggests that using 3 1 0 environmental and/or geographic distance to prioritize population sampling may potentially 3 1 1 increase adaptive and functional genetic differences but does not consistently impact neutral 3 1 2 genetic variation. Simulations revealed that using all three distance-based population sampling 3 1 3 strategies increased genetic differentiation captured among adaptive loci in ex situ collections 3 1 4 ( Fig. 2a ). This contrasts with the results obtained for functional datasets, where sampling 3 1 5
prioritizing source populations using environmental distance, or the combination of both 3 1 6 environmental and geographic distances increased genetic differences captured. For both adaptive and functional genetic makers classes, simulations based on realistic and 3 1 8
idealized within-population sampling scenarios led to similar slopes, regardless of the distance- based population sampling strategy used ( Fig. 2a; Appendix S8 ). This indicates that the ability of 3 2 0 1 5 distance-based population sampling strategies to increase F ST among functional and adaptive loci 3 2 1 was not impacted by the within-population sampling scenarios simulated. but had no impact using idealized within-population sampling scenario (Fig. 2b ). This contrasts 3 2 9
with results obtained for adaptive datasets, where the opposite pattern was observed. Prioritizing distances increased A c /A d under idealized within-population sampling conditions (Fig. 2b) .
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